should first go to Mach, as an early advocate of ideas along the same lines as well as a major experimental physicist; but Braun, too, insisted on Mach's wider influence through philosophical clarifications and "his clear, profound historicalphysical studies."'1
fected nineteenth-century science (e.g., absolutes of space, time, substance, vital force). Among philosophers, Mach was admired or attacked for his vigorously held empiricist vision of science, of which perhaps the most essential point was caught in a succinct paragraph by the philosopher Moritz Schlick:
Mach was a physicist, a physiologist, also a psychologist, and his philosophy . arose from the wish to find a principal point of view to which he could cling in any research, one which he would not have to change when going from the field of physics to that of physiology or psychology. Such a firm point of view he reached by going back to what is given before all scientific research, namely, the world of sensations. . .. Since all our testimony concerning the so-called external world relies only on sensations, Mach held that we can and must take these sensations and complexes of sensations to be the sole content of those testimonies, and therefore that there is no need to assume in addition an unknown reality hidden behind the sensations. With that, the existence of Dinge an sich is removed as an unjustified and unnecessary assumption. A body, a physical object, is nothing else than a complex, a more or less firm pattern of sensations, i.e., of colors, sounds, sensations of heat, of pressure, etc.' autobiographies, the Benedictine fathers of his gymnasium thought him to be unteachable and without talent; in turn, the young man felt so oppressed by the regime in Austria-Hungary that he prepared himself to emigrate to America.7
To be sure, Mach hardly fitted into the mainstream of Austria-Hungary. He was a freethinker (a fact that later held up his appointment to the professorship in Vienna); politically most nearly identifiable with socialism of the Austrian type; an active fighter against fanatical nationalism and anti-Semitism (the latter even certified by a Prague police report); and a tireless propagandist for "a point of view free from metaphysics, as a product of the general evolution of culture."8
In the methodology of science, too, Mach at first was an outsider. One of his earliest essays, on a new, instrumentalist basis for defining mass, written in 1866 and already indicating his powerful methodological point of view, was returned as unpublishable by J. C. Poggendorffs Annalen der Physik. It is difficult to realize today how shaky and dogmatic the fundamentals of the physical sciences were prior to the clarifying work in which Mach participated in the last third of the nineteenth century, when some German textbooks in physics still implied that the meaning of concepts was to be sought on a higher, metaphysical plane. What made the difference eventually, in physics but in other fields too, was in good part that philosophically minded young scientists in many countries, in their student years or soon after, and often in reading clubs that they initiated, chanced upon and became fascinated with the writings of Mach and related works. Among these were works by Henri Poincare, sixteen years younger than Mach, who in direct ways expressed his debt to Mach; and by Pierre Duhem, who wrote to Mach on 10 August 1909: "Permit me to call myself your disciple."9 Those, together with Hermann von Helmholtz, Gustav R. Kirchhoff, Wilhelm Ostwald, Richard Avenarius, Ernst Haeckel, J. B. Stallo, Karl Pearson, and others of that general cast of mind, were the chief authors of the eagerly read tribal books for guiding thought into the new age. PAUL CARUS (1852 -1919 Not only scientists and scholars but a variety of interested laymen were attracted to Mach's ideas. In the early phase of the introduction of Mach to America, the crucial and insufficiently recognized intermediary was Paul Carus, editor of the journals the Open Court and the Monist as well as of the parent firm, the Open Court Publishing Company. Born in Germany and with a doctorate from the University of Tuibingen, Carus was an amateur philosopher and indefatigable author who sought to develop an agnostic, monistic, and evolutionist world view. The hope the men shared, that these publications would attract an ever-widening circle of American readers to Mach's ideas, soon began to be fulfilled; and even though the most prominent scholars among them could of course read Mach's works in the original German editions, they tended to cite these English translations. As Mach noted with satisfaction, his Mechanik had a much larger distribution in the English version brought out by Carus than in the original German one.'1 Many of the bare facts in the relation between Carus and Mach have been known for some time. 12 What has been missing, but is needed to understand how Carus in this then-unlikely outpost could become Mach's first missionary in the United States, is a more detailed, sympathetic understanding of what these two men meant to each other, as well as a sense of how the collaboration of this odd pair amounted to an act of inspired symbiosis. Such a treatment will have to be given elsewhere; suffice it to note here that Carus had read Mach's Mechanik with greatest interest when it appeared in 1883 and later wrote, "I at once recog-10 One hundred thirty-six letters from the Open Court Publishing Company records of 1886-1 were deposited by the Edward C. Hegeler Foundation and members of the Carus family in December 1968 at Southern Illinois University at Carbondale, Illinois; these can be found in the Morris Library Special Collections-Manuscripts. They include correspondence with Ludwig Mach. These holdings overlap with those at the Emst-Mach-Institut at Freiburg im Breisgau.
I am grateful to the Curator of Manuscripts at the Morris Library, Sheila Ryan, for making copies of the correspondence with Ernst and Ludwig Mach available to me and for permission to quote excerpts from the correspondence. I also thank Blouke Carus, Paul Carus's grandson and president of the Open Court Publishing Company, for historical information. James came to Prague during one of his European study tours and wrote to ask Mach for an interview, noting that he, James, was "very familiar" with his writings. Mach (whose English was quite good) had also read some of James's studies, and the two had a glorious meeting in Prague on 2 November 1882, in which James was overwhelmed by Mach's intellectual power. It is clear from references in James's publications that he had access to earlier editions and copies other than those that have survived; but an indication of the care with which he read Mach's works can be seen from James's annotations of his extant copies of Erkenntnis and Analyse. A quick scanning of the first yields 24 William James wrote to his wife on 2 Nov. 1882 that he had listened to Mach lecture on mech ics and found it "the most artistic lecture I ever heard." Their subsequent four-hour talk was "an unforgettable conversation. I don't think anyone ever gave me so strong an impression of pure intellectual genius. He apparently has read everything and thought about everything, and has an absolute simplicity of manner": in Thiele, Wissenschaftliche Kommunikation, p. 169. Similarly, after reading Ostwald's Vorlesungen uber Naturphilosophie, James wrote to Hugo Munsterberg (23 July 1902), "I don't think I ever envied a man's mind so much as I have envied Ostwald's-unless it were Mach's": Ralph Barton Perry, The Thought Rather, its intention is one of enlightenment-or, to put it still more plainly, an anti-metaphysical one." Hence it is by no means easy to grasp-being simultaneously a study in the history of science, a detailed analysis of topics in mechanics, a tract on how to make one's ideas clear, and a sequel to certain eighteenthcentury Enlightenment treatises. But James's copy shows that he mastered it; judging by his annotations, he appears to have been most interested in Mach's discussion of Newton's views on time, space, and causality, and in what James's index calls the "empirical character" of concepts such as that of equilibrium, for which James searched the work carefully, finding entries for twelve pages.
Other authors have treated aspects of the correspondence between Mach and James, their agreements and occasional disagreements.30 But James's copies of Mach's book graphically demonstrate the intense impression they made on him during the period in which he was engaged in writing his own major works. printed in bold, large type: "Aufruf!"35 The document ( Figure 2 ) deserves more attention than it has received, not least because it is in some respect a striking preview of the core tenets of another, more famous group publication, the seminal manifesto of the Vienna Circle that would be issued in 1929.
The text of the Aufruf runs as follows (in my translation):
Appeal!
To bring forth a comprehensive Weltanschauung, based on the factual material that has been accumulated by the separate sciences, is an ever more urgent need; this is true first of all for science [Wissenschaft] itself, but also for our era as such, which will only thereby have earned what we now own.
But this aim can be achieved only through the common labors of many. Therefore we call upon all philosophically interested researchers-no matter in which scientific fields they may be active-and upon all philosophers in the narrow sense of the term whose expectation is to reach by themselves valid knowledge only through the penetrating study of the facts of experience, to join a Society for Positivistic Philosophy. A striking omission in both documents is that of Ostwald. The copy in his archives has his annotation, "abgelehnt." An indication of how this affected Mach and Petzoldt, and how deeply they were involved in the Aufruf, emerges from a paragraph in one of Petzoldt's letters to Mach, dated 9 Jan. 1912. There he lauds Mach for having refused Ostwald's invitation to be honorary president of the Monistenbund, and indicates that this was fair revenge: "Ostwald should now regret that he did not sign our Aufruf." The letter is quoted in Blackmore and Hentschel, eds., Ernst Mach als Aussenseiter, p. 100. In writing his doctoral thesis, the young Skinner saw a way of applying the Machian point of view to the clarification of such concepts as the "reflex" of intact organisms, something he considered to be as basic in psychology as, say, mass is in physics. As Skinner recollected, he was "following a strictly Machian line, in which behavior was analyzed as a subject matter in its own right as a function of environmental variables without reference to either mind or the nervous system." That was "the line that Jacques Loeb ... had taken."40 In this radically empiricist mode, the study of behavior reduced itself for Skinner, to start with, to the observation of the motion of the foot of a food-deprived rat, pressing down a small lever in an experimental box of standard size. Explanation Skinner was probably the last scientist who could say he followed "a strictly
Machian line," who could imagine having drunk directly from the pure source. by avoiding the use of the tell-tale square root of negative quantities involving t, which had startled so many who had encountered Minkowski's work directly.
(Doing that was a point of pride for Frank, as he once remarked to me.) What most interests us here is that the letter fixes the initial time and tenor of the bonding between Mach and the man who, as will be shown, was to play such a large role in the transformation and transmigration of Machian teachings.
A HARVEST OF MACH'S SEEDS
At the end of World War I, with the establishment of new democratic republics in central Europe and the general desire, at least among the younger generation, to pected way. While Frank was teaching at Harvard University, he was also doing consulting work for the U.S. Navy. Either in this connection, or as a result of the general anticommunist hysteria in the United States during the McCarthyite days after the war, Frank one day received a visit at his home from two FBI men. They had come to investigate his background and orientation, which seemed to them to have been suspiciously on the liberal side. Frank, no doubt with his usual quizzical smile, inquired whether they thought he might be a spy for the Russians, and to answer his own question, he went to his bookcase, fished out the copy of Lenin's book, and opened it to the passage where Lenin attacked him personally. As Frank ended this story, the two FBI men practically saluted him, and left speedily and satisfied.
In his first contact, Einstein made the objection that the simplicity of terminology in the law of causality, and therefore the "simplicity of nature," are not reducible to conventions. Frank learned from the exchange that "logic needs a drop of pragmatic oil": Frank, Modern Science, p. 11. Frank tells us that the book also, to his and Carnap's own astonishment, reminded them strongly of William James's pragmatism-for example, "that the meaning of any statement is given by. .. what it means as a direction for human behavior"-and thus showed a promising affinity of their movement with "kindred spirits beyond the Atlantic in the United States."54
In his preface Carnap explained that a main impulse was to "banish metaphysics from philosophy, because its theses cannot be rationally justified"; and on the the construction of a system of concepts not only of natural science but of one total knowledge, a Gesamtwissenschaft: "Only if it becomes possible to build up a unified system of all concepts will it be possible to overcome the splintering of the Gesamtwissenschaft into separate part-sciences that stand, one next to the other, without relationship." In this way it would be possible to attain an "intersubjective, objective world . . . identical for all observers," and so make, as it were, an end run around supposedly essential differences between physics, biology, psychology, and so forth.55 The desired unification was to encompass all fields of science and scholarship generally, and unity among them came to be looked for in terms of a commonality of concepts, of laws, of methods (including the unmasking of "meaningless" problems), and of the social community of researchers.
The movement was entering its most intense period. November 1928 saw the founding of the "Verein Ernst Mach" as the "official" forum of the Vienna Circle, with the stated goal to "further and propagate a scientific worldview" and to I have not been active in party politics, but I was always interested in political principles and I have never shied away from professing my point of view. All of us in the Vienna Circle took a strong interest in the political events in our country, in Europe, and in the world. These problems were discussed privately, not in the Circle which was devoted to theoretical questions. I think that nearly all of us shared the following three views as a matter of course which hardly needed any discussion. The first is the view that man has no supernatural protectors or enemies and that therefore whatever can be done to improve life is the task of man himself. Second, we had the conviction that mankind is able to change the conditions of life in such a way that many of the sufferings of today may be avoided and that the external and the internal situation of life for the individual, the community, and finally for humanity will be essentially improved. The third is the view that all deliberate action presupposes 5 Rudolf Carnap, Hans Hahn, and Otto Neurath, Wissenschaftliche Weltauffassung: Der Wiener knowledge of the world, that the scientific method is the best method of acquiring knowledge and that therefore science must be regarded as one of the most valuable instruments for the improvement of life. In Vienna we had no names for these views; if we look for a brief designation in American terminology for the combination of these three convictions, the best would seem to be "scientific humanism."60
The wide variety of programs launched by the group is therefore not surprising; it included, for example, public lectures in Vienna such as Carnap With Germany still largely in the sway of Kantian idealism, the groups in Vienna and Prague now thought it all the more important to seek allies in Great Britain, to a certain extent in France, and above all in the United States, where, as noted, the ground had been prepared by the work of Peirce, James, and to some extent John Dewey and others; by the writings of more recent sympathizers there, such as Bridgman at Harvard and Morris at Chicago; and by the travels of Schlick and Feigl. There started a flow of visitors from America. Among those who came to Vienna and Prague to learn and discuss were Nagel, Morris, Dickinson S. Miller, and a young man named W. V. Quine.
One may well ask what was so special about the European group that it reached out to young intellectuals on the other side of the Atlantic. At least two forces were at work. One was the lack of major figures in America itself; Feigl, who had emigrated there in 1931, observed that while there were a few important philosophizing scientists (and even they were on the whole isolated, and spread across the continent), "perhaps the only prominent American philosopher of science after C. S. Peirce" was Morris Raphael Cohen of City College in New York; From his autobiographies, we know Quine's personal preparation. In his high school years he had read James's Pragmatism "compulsively" (i.e., uncritically), and at Oberlin College, where he was studying mathematics, he was exposed to the work of John B. Watson in a psychology course and discovered Russell. By (Indeed, the Unity of Science Movement, as it now wanted to be known, came to refer to itself as "Monism free from Metaphysics.") It was Mach more than anyone else who had promised the elimination of the boundaries between the separate sciences; in his inaugural lecture in Vienna in 1895 he had put it picturesquely: "As the blood in nourishing the body separates into countless capillaries, only to be collected again and to meet in the heart, so in the science of the future all the rills of knowledge will gather more and more into a common and said that it planned to issue bibliographies on key fields of interest; therefore, the letter continued, "we wish very much that you would do one on the sociology of science." So years before that field had begun to draw general attention in academe, the Institute had targeted it, as well as the obvious person to undertake a bibliography.81
As important for the Institute's impact as its publications-including separately 80 The Institute's charter of 31 July 1947, published in Synthese, 1947, 6:158-159, specified: "The purposes for which the corporation is formed are to encourage the integration of knowledge by scientific methods, to conduct research in the psychological and sociological backgrounds of science, to compile bibliographies and publish abstracts and other forms of literature with respect to the integration of scientific knowledge, to support the Intemnational Movement for the Unity of Science, and to serve as a center for the continuation of the publications of the Unity of Science Movement." The Institute's background and purpose are discussed in detail by Frank in the pages that follow, i.e., ibid., pp. 160-167. Stevens, Lazlo Tisza, Norbert Wiener, and Quine-who described one of these meetings in his autobiography, adding that they too appeared to him "in the way of a Vienna Circle in exile."82 Just as in the earlier meetings in Europe, advanced students and young instructors with sympathy for the aims of the group were encouraged to attend, perhaps in the hope that some of them would carry on the work in the future. Analogous meetings took place in Chicago, Los Angeles, Minnesota, Berkeley, and Princeton.
AN ECOLOGICAL NICHE FOR A MOVEMENT
There remains, finally, the need to return to a historical question with sociological overtones: What was it that made America, in roughly the middle third of this century, the most hospitable new home for the European descendants of nineteenth-century positivism? Although there were tragic victims of the persecution in Europe, and despite the well-known obstacles that scholars and scientists had to suffer initially, the number of members of the Vienna Circle and its associated groups in Prague, Berlin, Lwow, Warsaw, and elsewhere who eventually took up residence in the United States was substantial. 83 The full answer is necessarily complex. In the first instance it includes, as previously indicated, the absence of predominant transcendental metaphysical philosophies and, on the contrary, the prior existence of analogous, native empiricist philosophical currents, of which the most recent was the "operationalism" ascribed to Bridgman and widely adopted by scientists after the 1927 publication of The Logic of Modern Physics.84 But additional factors emerge from the records documenting the varied success of attempts by prominent refugeessuch as Frank, von Mises, Reichenbach, Tarski, and Zilsel-to find academic positions.
To summarize, when favorable, the outcomes were in most instances the result of several interacting forces at work in the United States. At each of the universities that eventually provided a place, there was at least one influential scholar who already knew of and respected the work of the candidate and undertook to labor on behalf of the cause. In this they were supported by recommendations many of your own, as being more nearly akin to my own views than nearly any other analytical writing with which I am acquainted, and this last book of yours is no exception." (They continued to correspond for years, and it is significant that one topic was the nature of "pencil-and-paper operations," which were giving Bridgman considerable intellectual discomfort.)
Frank first contacted Bridgman in a letter of 25 February 1938, noting that he had "always firmly agreed with your operationalist view" and expressing interest in including Harvard in his forthcoming lecture tour so as to have "the opportunity of discussing with you and your friends and students the role of operationalism in modern physics." Frank included some of his reprints and a copy of Kausalgesetz in a French translation.
Bridgman's reply of 30 March 1938-by which time Austria had welcomed the takeover by the Nazis, and Czechoslovakia was being threatened-is extremely revealing, for it casts light on similar situations at other universities that soon were to be offered refugee scholars. Bridgman wrote:
I was glad to get your letter and to know of your projected visit to this country next fall.... I read [the reprints and the book] with very great interest. It is naturally a source of gratification to me that we can agree on so many points....
It will be a great pleasure to see you in Cambridge next fall and to talk things over with you. I am afraid you will not find Cambridge the center of activity with regard to the questions of interest to you which you apparently suppose. My work is done practically alone. I have no students [in philosophy of science] and have practically no contacts with members of the Department of Philosophy, and, in fact, most of them are not at all sympathetic with our point of view. The only young philosopher here whom I have particularly interested is Dr. Quine.
Bridgman's loneliness in philosophical matters-with which he struggled daily, even in his pioneering experiments in high-pressure physics-and Frank's evident excellence, made Bridgman interested in bringing Frank into the physics department when that idea was raised-a scenario to be played out many times, at Harvard and elsewhere. Thus the theoretical physicist Edwin C. Kemble, Bridgman's former student and now a philosophically close colleague at Harvard, By spring 1939 Frank, now unable to return to Prague, was being considered for a one-year position at Harvard; he wrote to Bridgman from Chicago on 7 May that he looked forward to "the opportunity to collaborate with you and your department," to discuss "all the problems which belong to the so-called philosophical foundations of physics," to "help you to spread this spirit among the students of science," and to aid in the preparation of the "Unity of Science" congress at Harvard that Bridgman was to chair in September 1939. One recognizes echoes of the situation in which Frank had become so helpful to Ernst Mach himself, just thirty years earlier.
The relation between Bridgman and Frank was in fact quite symbiotic. Bridgman, with Kemble, spearheaded the presentation of the department's unanimous request (23 Mar. 1939) that Einstein's successor at Prague be given the temporary position of unpaid research associate in physics and philosophy (1939) (1940) ; they settled for this modest proposal because the Harvard administration was reluctant to add to the six refugees recently accommodated in various parts of the university. Bridgman also wrote on Frank's behalf to the Harvard University Press on 19 January 1940, urging publication of a translation of Frank's collected essays on the philosophical foundations of physics, which he regarded as a "most important project," "a valuable service . . . to the American public," for Frank impressed Bridgman "as perhaps the soundest" of the Europeans in that field.
With the energetic help of Harlow Shapley, who ran a sort of underground railway to all parts of the United States to place European scholars fleeing fascism88 and had contacts in the world of foundations, he also raised $2,000 to cover the initial year of Frank's stay (which Frank had to supplement with the advance payment by the A. A. Knopf Publishing Company for a projected biography of Einstein).
Once he was established more firmly in Cambridge-on a multiyear, half-time lectureship funded by monies to be raised by Shapley-Frank in turn used to the full his lively mind and the persuasive skills he had honed for decades, in the service of propagating scientific philosophy. In addition to teaching and writing, he presided over the numerous and various activities of the Institute, as noted, in which Bridgman and many of his colleagues took part. His effect on students and other colleagues was memorable; Shapley summed it up in a note to Frank dated 
